TABLE 5.—Comparison of smoking habit data obtained
during life and after death

Smoking habit data obtained at death

Smoking habit data obtained Never Formerly Smoked at
during life, 1971 Number smoked smoked Smoked some time
Never smoker 12 8 2 2 0
Ex-smoker 26 2 15 2 7
Smoker 76 1 12 33 30

SOURCE: Berry et al. (1985).

and for those who have died (which would include most individuals
with lung cancer) by questioning next of kin or checking hospital
records. Berry and colleagues (1985) examined the comparability of
these data sources in a prospective evaluation of asbestos workers in
which smoking data were accumulated both at the start of the study
period (i.e., prospectively) and at the time of death from lung cancer
(i.e., retrospectively). A comparison of the smoking status obtained
by the two methods for the same individuals is shown in Table 5. In
general, there was good agreement between the two methods, but
both methods identified as never smokers individuals who were
classified as smokers by the other method. No data were presented to
allow determination of which method was more accurate.

The random misclassification of smoking status, of itself, should
not introduce spurious associations for the population as a whole, or
for the smokers in the population (Greenland 1980). However, when
the question being asked is whether a risk exists in the absence of
smoking and synergism between smoking and the occupational
exposure is present, the misclassification of even small numbers of
exposed smokers as nonsmokers can lead to the conclusion of
increased risk of lung cancer due to an occupational exposure in the
absence of cigarette smoking. The potential for misclassification
exists and is of greatest concern when decisions are being made on
small numbers of cases.

The second caveat that may need to be applied in the examination
of the effects of occupational exposure among people who have never
smoked is the potential effect of involuntary exposure to cigarette
smoke. A number of studies have shown increased lung cancer risks
in the nonsmoking wives of smokers, raising the question of a
carcinogenic risk due to environmental tobacco smoke exposure
(IARC, in press). If these studies can be extrapolated to the
workplace, then the potential exists for environmental tobacco
smoke in the worksite to act as an occupational carcinogen,
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particularly in those occupations in which there is a high prevalence
of active smoking among workers.

The considerations raised by examination of smokers with work-
place exposures are somewhat different from those raised by
examination of nonsmokers. Comparisons of smokers with and
without an occupational exposure rcguire careful attention to the
correlations among age, duration of exposure, and smoking dose. Age
adjustment of the death rates in the exposed group and the control
population is generally accepted as more useful than simply compar-
ing the mean age of the two populations, because of the rapid rise in
lung cancer death rates in the older age groups. It is less widely
understood that age adjustment does not eliminate the effects of
differences in the age distributions of smokers between the two
populations. The smoking-related risk of developing lung cancer
occurs disproportionately in older smokers compared with younger
smokers. Therefore, in two populations with similar prevalences of
smoking, but with different age distributions of that smoking
prevalence, the population with the higher prevalence of smoking in
the older age group will have the higher number of lung cancer
deaths. This difference in number of lung cancers will persist after
an age adjustment using the age distributions of the entire popula-
tion (smoker and nonsmoker). Therefore, in considering the differ-
ences between occupationally exposed smokers and smokers who are
not exposed, the lung cancer deaths should be adjusted for age on the
basis of the age distribution of the smokers in the two populations
rather than the age distribution of the entire population.

Several attempts have been made to combine the strengths of
large population-based measurements with the detailed measure-
ments of smoking status available in cohort studies. Hammond and
colleagues (1979) used the American Cancer Society (ACS) study of 1
million men and women to develop a control group for a study of
asbestos insulation workers. From the ACS study population, they
extracted a group of more than 73,000 men who were white, not a
farmer, had no more than high school education; did have a history
of occupational exposure to dust, fumes, vapors, gases, chemicals, or
radiation; and were alive at the time of the initiation of followup of
the insulators. From this control group, they were able to develop
age-specific and smoking-specific expected lung cancer death rates
for comparison with the observed death rates in the insulation
workers. There was a difference in the time period of followup
between these two studies; therefore, the expected lung cancer death
rates were adjusted upward on the basis of differences in the
national lung cancer death rates during the years of differential
followup. This approach allowed the expected rates to be calculated
from a large enough population to provide stable rates in a number
of separate age and smoking categories. The control group and the
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exposed populations were also matched for a number of those
characteristics that raise questions about the comparability of
national death rate data to populations of employed workers.

A somewhat different approach to the same problem was taken by
Berry and colleagues (1985). They used data from a prospective
mortality study of British physicians by smoking status (Doll and
Peto 1978, 1981) to develop facters that related the risks of smokers,
nonsmokers, and ex-smokers separately to the risk in the entire
population of physicians. They calculated the expected number of
deaths for the exposed workers in each smoking category, using
national death rate data, and multiplied this expected number of
deaths by the smoking factor to get a smoking-specific expected
number of deaths for each category of exposed workers. They also
adjusted the number of expected deaths for differences in grographic
location by multiplying the expected deaths by the ratio of the local
lung cancer SMR to the national lung cancer SMR. This approach is
obviously quite sensitive to the method by which the smoking-
specific factors are developed, and it is not clear that one set of
factors can be applied to all ages.

When an explicit control population is being used, the differences
in smoking behavior can be controlled through the use of a statistical
model for lung cancer risk in the population. Models may include a
variety of measures of cigarette smoking dosage and duration, and
the mortality experienced by the exposed population can be exam-
ined by using the risk model developed in the control population.
This approach allows the confounding due to smoking to be adjusted
through the use of terms for intensity and duration of exposure.

Comparisons Using Internal Control Populations

The use of an internal control group drawn from the same
workforce as the exposed population, but not exposed to the agent of
interest, may produce a control group that is more closely matched
to the exposed population than the total U.S. population would be
(Breslow et al. 1983; Pasternack and Shore 1976; Redmond and
Breslin 1975). Working populations tend to have a lower overall
mortality than the U.S. population of the same ages (McMichael
1976; Enterline 1975; Fox and Collier 1976; Shindell et al. 1978;
Vinni and Hakama 1980), at least in part because workers with
illness tend to drop out of the working population. This lower
mortality has been called the healthy worker effect and is one of the
reasons the selection of an internal control population may be more
appropriate than using SMRs for evaluating occupational exposure
risks. External control groups, selected from populations geographi-
cally or demographically similar to the exposed population, may also
provide a population more similar to the exposed workers than the
general U.S. population.
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